Abstract. Many power utilities implement the voltage reductions to secure the reserve power on power system in an emergency case, since the power demand can be reduced by reducing distribution voltage. However, before applying the voltage reduction, it is necessary to analyze the effect on the voltage stability. For this, we performed PV analysis by using PSS/E. In addition, we analyzed the effect of voltage sensitivity characteristic on voltage stability.
Introduction
Voltage collapse is a loss of stability in electric power systems which causes blackout when voltages decrease catastrophically [1] . Thus, many power utilities normally use the equipment which can control the voltage magnitude for reduced power demand [2] . The KEPCO, like other power utilities, has the 5-level plan to prevent the black out in an emergency case. In level 2 and level 3, KEPCO controls the distribution system voltages by decreasing the tap ratio 2.5%, 5.0% within standard of power quality, respectively [3] . Thus, in this paper, to analyze the effect of voltage reduction by tap changing, we performed the PV analysis according to the tap ratio. We used the IEEE 25 bus benchmark system and we performed PV analysis in various system conditions.
PV analysis using PSS/E

2.1
Modified data in benchmark system IEEE 25 bus system, which is provided by the PSS/E, is used as a test system. This system consists of the transmission lines operating at 230kV or 138kV. In the original PSS/E data, load models are assumed to be directly connected to the transmission system. However, in actual system, loads are connected to the system through the distribution line operating at 22.9kV. Thus, some of these parameters in benchmark system need to be modified. Therefore, in this paper, we used "Split Bus" function in PSS/E, which separates the existing transmission bus to the 23kV distribution bus, and then loads are connected to that modified distribution system. After that, 17 twowinding transformers are connected between 17 new distribution buses and existing transmission buses.
PV analysis using PSS/E
In this paper, we used PV analysis function in PSS/E, which is able to analyze the impact of voltage reduction to system by ZIP parameter and tap ratio of transformer.
PV analysis in base case of light load
All load characteristics are constant power (P, Q) in base case of benchmark system in PSS/E, and tap ratio of transformer has been set to 1.0. Thus, in order to analyze the effect of the voltage reduction, we performed PV analysis after changing the input data of the base case.
The procedure of PV analysis is as follows:
Step 1: The ZIP parameters for simulation are converted from ZIP parameter in base case.
Step 2: All tap ratio of 2-winding transformer connected to load is set to 0.9.
Step 3: Calculate the power flow solution using the modified data of base case
Step 4: Perform the PV analysis
Step 5: Repeat the steps from 2 to 4, for different tap ratio setting; 095, 1.0, 1.05, and 1.1 In Fig.1 , the 5-graphs show the PV analysis results in base cases of light load, where the x-axis represents the incremental transfer power and y-axis represents per unit voltage at the receiving end. It shows that the more the tap ratio decreases, the more the maximum transfer power increases. In terms of voltage stability, the more transfer power increase, the more system is stable [4] [5] . Thus, voltage stability margin increases as the tap ratio decreases.
PV analysis according to load characteristics
According to reference [6] , when all of the load bus voltage changed as ∆V, load variation can be calculated approximately using equation (1) .
The load variation according to voltage variation is nearly proportional to value of '2Z+I', by equation (1) . Therefore, '2Z + I' value is the parameter that represents the voltage sensitivity of load. Thus, in this paper, in order to analyze the effect of voltage sensitivity characteristic of the load on the voltage stability, we conducted PV analysis for the following cases. In first two cases, the value of '2Z+I' is 0.9. The last case has value of the 1.3 in '2Z+I'. This is shown in Table 1 . As shown in Table 2 , when tap ratio changes from 0.9 to 1.1, result of the PV analysis in case (a) and (b) show almost the same results, while case (c) has a relatively large difference compared to case (a) and (b).
In addition, in order to analyze the voltage stability according to a variety of voltage sensitivity characteristics, we conducted PV analysis for 13 different cases. The '2Z+I' value in 13 cases are increasing by 0.1. Fig.2 shows that the more voltage sensitivity increases, the more maximum incremental transfer power increases in cases that tap ratio is 0.9 and 0.95. In addition, in case that tap ratio is 0.9, the maximum incremental transfer power is higher than case that tap ratio is 0.95, thus the system is more stable in case of 0.9. 
Conclusion
In this paper, the PV analysis was performed to analyze the impact of voltage reduction on voltage stability in an emergency case. For this, using PSS/E, the simulation procedures and the process to modify the data were explained, and impact of voltage reduction on voltage stability was analyzed in the IEEE 25 bus benchmark system. The PV analysis results show that power margin was increased when the voltage reduction was performed. Additionally, the larger the components of Z and I are, the more power margin increases. Thus, results of the PV analysis in benchmark system show that voltage reduction does not cause the adverse effects.
